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(Title of Document) SPECIFICATION 
(Title of Invention) Etching Method 
(Scope of Patent Claims) 

(Claim 1) An etching method for etching an etching target film 
formed on a substrate placed inside an airtight processing chamber by 
inducing a processing gas into said processing chamber, wherein; 
said processing gas contains, at least, CF4 and N2; and 
said etching target film is constituted of an upper organic film 
containing Si and a lower Si02 film. 

(Claim 2) An etching method according to claim 1 , wherein; 
said processing gas further contains Ar. 

(Claim 3) An etching method according to claim 1 or 2, wherein; 

the flow rate ratio of CF4 and N2 in said processing gas is 
essentially set within a range of 1 < (N2 flow rate / CF4 flow rate) < 4. 

(Claim 4) An etching method for etching an etching target film 
formed on a substrate placed inside an airtight processing chamber by 
inducing a processing gas into said processing chamber, wherein; 
said processing gas contains, at least C4F8 and N2; and 
said etching target film is constituted of an upper organic film 
containing Si and a lower SiN film. 

(Claim 5) An etching method according to claim 4, wherein; 
said processing gas further contains Ar. 

(Claim 6) An etching method according to claim 4 or 5, wherein; 

the flow rate ratio of C4F8 and N2 in said processing gas is 
essentially set within a range of 10 < (N2 flow rate / C4F8 flow rate). 
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(Detailed Description of the Invention) 

[0001] 
(Field of the Invention) 

The present invention relates to an etching method 

[0002] 

(Background Art of the Invention) 

Reflecting the ever-increasing need for the miniaturization of the 
wiring structure, organic materials achieving low dielectric constants 
compared to the dielectric constant of Si02 used in the prior art have 
come to be utilized to constitute a layer insulating film (a film 
undergoing an etching process) on a Si substrate in the semiconductor 
manufacturing technology in recent years. Such organic materials with 
low dielectric constants include, for instance, polyorganosiloxane 
bridge-formation benzo cyclobutene resin (BCB), SILK (product name) 
manufactured by Dow Chemicals and FLARE (product name) 
manufactured by AlliedSignal Incorporated. 
[0003] 

Conventionally, CF4 containing a great quantity of fluorine atoms 
is used as the etching gas in a dry etching process for forming grooves 
such as contact holes in an organic material with a low dielectric 
constant in order to form a reactive seed containing fluorine through 
plasma discharge or the like, and the processing gas is prepared by 
mixing in Ar which is mainly used to achieve gas flow rate ratio control 
and O2 which is mainly used to achieve an improvement in the 
penetration, i.e., to promote etching along the depthwise direction. 
[0004] 

(Problem to be solved by the invention) 

However, a first problem that should be noted occurring when 
using the mixed gas containing CF4, O2 and Ar as the processing gas to 
etch a film constituted of an organic material with a low dielectric 
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constant is a low resist-relative selection ratio. The resist- relative 
selection ratio in this context refers to the value expressed as (average 
etching rate of the etching target film) / (etching rate of the photoresist) 
and hereafter it is simply referred to as the "selection ratio." The use of a 
processing gas with a low selection ratio will result in a wider groove 
opening and, therefore, is not desirable. It also poses a second problem 
in that the etching shape is adversely affected by bowing. 
[0005] 

An object of that present invention, which has been completed by 
addressing the problems of the etching method in the prior art discussed 
above, is to provide a new and improved etching method through which 
an improvement in the selection ratio and an improvement in the 
etching shape can be achieved. 
[0006] 

(Means for solving problem) 

In order to achieve the object described above, in a first aspect of 
the present invention, an etching method for etching an etching target 
film formed on a substrate placed inside an airtight processing chamber 
by inducing a processing gas into the processing chamber, in which the 
processing gas contains at least, CF4 and N2 and the etching target film 
is constituted of an upper organic film containing Si and a lower Si02 
film as disclosed in claim 1, is provided. It is to be noted that as 
disclosed in claim 5, the processing gas may further contain Ar. 
[0007] 

Organic polysiloxane as referred to in this context is a substance 
having an Si02 bond structure containing a functional group that, in 
turn, contains C and H, as expressed in the following chemical formula. 
It is to be noted that in the following chemical formula, the letter R 
indicates an alkyl group such as a methyl group, an ethyl group or a 
propyl group or an alkyl group derivative or an allyl group such as a 
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phenyl group or its derivative. 
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[0008] 

(chemical formula 1) 




[0009] 

By adopting this etching method, improvements in the selection 
ratio and in the etching shape can be achieved. For instance, while the 
selection ratio achieved by using the mixed gas containing CF4, O2 and 
Ar as a processing gas, as in the prior art, is approximately 2.0, a 
selection ratio of approximately 5.8 is achieved by using a mixed gas 
containing CF4, N2 and Ar as described above as the processing gas. 
[0010] 

In addition, if the flow rate ratio of CF4 and N2 (N2 flow rate / CF4 
flow rate) in the processing gas is less than 1 , an etching stop occurs and, 
as a result, deep etching cannot be achieved. If, on the other hand, (N2 
flow rate / CF4 flow rate ) is larger than 4, bowing tends to occur readily 
and thus, a good etching shape is not achieved. Accordingly, as 
disclosed in claim 6, it is desirable to set the floor rate ratio of CF4 and N2 
in the processing gas essentially within a range of 1 < (N2 flow rate / CF4 
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flow rate) <> 4. 
[0011] 

Furthermore, in order to achieve the object described above, in a 
second aspect of the present invention, an etching method for etching an 
etching target film formed on a substrate placed inside an airtight 
processing chamber by inducing a processing gas into the processing 
chamber, in which the processing gas contains, at least, C4F8 and N2 
and the etching target film is constituted of an upper organic film 
containing Si and a lower SiN film as disclosed in claim 7, is provided. 
[0012] 

When the lower layer of the etching target film is constituted of an 
SiN film, a better selection ratio is achieved by using a mixed gas 
containing C4F8 and N2 as described above or by using a mixed gas 
containing C4F8, N2 and Ar as disclosed in claim 5, rather than by using 
a mixed gas containing CF4 and N2 or a mixed gas containing CF4, N2 
and Ar. 
[0013] 

In addition, if the flow rate ratio of C4F8 and N2 (N2 flow rate / 
C4F8 flow rate) in the processing gas is less than 10, an etching stop 
occurs and, as a result, deep etching is not achieved. Accordingly, it is 
desirable to set the flow rate ratio of C4F8 and N2 in the processing gas 
essentially within a range 10 < (N2 flow rate / C4F8 flow rate) as disclosed 
in claim 6. 
[0014] 

(Embodiments of the invention) 

The following is a detailed explanation of preferred embodiments 
of the etching method according to the present invention, given in 
reference to the attached drawings. It is to noted that in the specification 
and the drawings, the same reference numbers are assigned to 
components having essentially identical functions and structural 
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features, to preclude the necessity for repeated explanation thereof. 
[0015] 

(First Embodiment) 
(1) Structure of the etching apparatus 

First, in reference to FIG. 1, an etching apparatus 100 in which 
the etching method in the embodiment is adopted is explained. 

A processing chamber 104 is formed inside a processing 
container 102 which is grounded for safety in the etching apparatus 100 
in the figure, and inside the processing chamber 104, a lower electrode 
106 constituting a susceptor capable of traveling freely along the vertical 
direction is provided. An electrostatic chuck 110 connected to a 
high-voltage DC source 108 is provided at the top of the lower electrode 
106, and a workpiece, e.g., a semiconductor wafer (hereafter referred to 
as a "wafer") W is placed on the upper surface of the electrostatic chuck 
110. In addition, a focus ring 112 having an insulating property is 
provided around the wafer W placed on the lower electrode 106. A 
high-frequency source 120 is connected to the lower electrode 106 via a 
matcher 118. 
[0016] 

At the ceiling of the processing chamber 104 facing opposite the 
mounting surface of the lower electrode 106, an upper electrode 122 
having numerous gas outlet holes 122a is provided. An insulator 123 is 
provided between the upper electrode 122 and the processing container 
102. In addition, a high-frequency source 121 which outputs 
plasma-generating high-frequency power is connected to the upper 
electrode 122 via a matcher 119. A gas supply pipe 124 is connected to 
the gas outlet holes 122a, with first ~ third branch pipes 126, 128 and 
130 connected to the gas supply pipe 124 in the example presented in 
the figure. 
[0017] 
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A gas supply source 136 which supplies CF4 is connected to the 
first branch pipe 126 via a switching valve 132 and a flow- regulating 
valve 134. A gas supply source 142 that supplies N2 is connected to the 
second branch pipe 128 via a switching valve 138 and a flow- regulating 
valve 140. In addition, a gas supply source 148 that supplies Ar is 
connected to the third branch pipe 130 via a switching valve 144 and a 
flow-regulating valve 146. It is to be noted that the inert gas added into 
the processing gas does not need to be Ar, and any inert gas such as He 
or Kr may be used as long as the inert gas can be used to adjust the 
plasma excited inside the processing chamber 104. 
[0018] 

Near the bottom of the processing container 102, an evacuating 
pipe 150 which communicates with a vacuum drawing mechanism (not 
shown) is connected, and by engaging the vacuum drawing mechanism 
in operation, the atmosphere inside the processing chamber 104 is 
sustained at a specific reduced pressure. 
[0019] 

(2) Structure of the wafer 

Next, the structure of the wafer W undergoing the etching process 
through the etching method in the embodiment is explained. 
[0020] 

At the wafer W used in the embodiment, an SiC>2 film (having a 
dielectric constant of approximately 4.0) to function as an etching 
stopper for stopping the etching process at a specific depth and also as a 
protective film that protects the wiring formed on the Si substrate is 
formed on the Si (silicon) substrate. Above the Si02 film, an organic 
polysiloxane film is formed. In other words, the etching target film in the 
embodiment is constituted of the organic polysiloxane film constituting 
the upper layer and the Si02 film constituting the lower layer. 
[0021] 
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An etching mask having a specific pattern is formed on the 
etching target film. This etching mask may be a mask constituted of, for 
instance, a photoresist film layer. 
[0022] 

Now, the etching process implemented to form contact holes at 
the wafer W through the etching method in the embodiment by utilizing 
the etching apparatus 100 described earlier is explained. 
[0023] 

First, the wafer W is placed on the lower electrode 106, the 
temperature of which has been adjusted to a specific level in advance, 
and the temperature of the wafer W is sustained within a range of 
approximately -20°C - 50°C in correspondence to the particulars of the 
processing. For instance, the temperature at the bottoms of the contact 
holes is sustained at approximately -20°C, the temperature at the 
openings is sustained at approximately 30°C and the temperature at the 
sidewalls is sustained at approximately 50°C. In addition, vacuum 
drawing is implemented inside the processing chamber 104 to ensure 
that the atmosphere inside the processing chamber 104 achieves a 
specific pressure suitable for the processing, e.g., approximately 
20mTorr (2.67 Pa). 
[0024] 

Next, the processing gas in the embodiment, i.e., the processing 
gas achieved by mixing CF4, N2 and Ar, is induced into the processing 
chamber 104 by adjusting the flow rates of the individual gases through 
the flow- regulating valves 134, 140 and 146 inserted at the gas supply 
pipe 124. During this process, the gas flow rates are adjusted so as to 
achieve a flow rate ratio within a range of 1 < (N2 flow rate / CF4 flow 
rate ) < 4 in the processing gas. For instance, the flow rates of N2, CF4 
and Ar may be adjusted at approximately lOOsccm, 50sccm and 
300sccm respectively. 
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[0025] 

Then, high-frequency power having a frequency of 2 MHz and 
achieving a power level of approximately 1200 W, for instance, is applied 
to the lower electrode 106. In addition, high-frequency power having a 
frequency of approximately 60 MHz and achieving a power level of 
approximately 1500 W, for instance, is applied to the upper electrode 
122. As a result, high-density plasma is generated inside the processing 
chamber 104, and this plasma forms contact holes achieving a specific 
shape at the etching target film formed at the wafer W. 
[0026] 

By adopting the embodiment described above, improvements in 
the selection ratio and the etching shape are achieved. For instance, 
while a selection ratio of approximately 2.0 is achieved in conjunction 
with the mixed gas containing CF4, O2 and Ar used as the processing gas 
in the prior art, a selection ratio of approximately 5.8 is achieved by 
using the mixed gas containing CF4, N2 and Ar as the processing gas as 
described above. 
[0027] 

In addition, if (N2 flow rate / CF4 flow rate) is less than 1, an 
etching stop occurs and, thus, deep etching cannot be achieved, 
whereas if (N2 flow rate / CF4 flow rate) is larger than 4, bowing tends to 
occur to result in a poor etching shape. However, since the flow rate ratio 
of CF4 and N2 in the processing gas is set essentially within a range of 1 
< (N2 flow rate / CF4 flow rate) < 4 in the embodiment, an etching stop is 
prevented and, at the same time, a better etching shape is achieved. 
[0028] 

(Second Embodiment) 

In the etching method in the first embodiment described above, a 
mixed gas containing CF4, N2 and Ar is utilized as the processing gas. In 
this embodiment, a mixed gas containing C4F8, N2 and Ar is used as the 
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processing gas. The following is a detailed explanation of the second 
embodiment, given by clarifying the difference from the first 
embodiment. 
[0029] 

While the etching apparatus in which the etching method in the 
second embodiment is adopted is essentially similar to the etching 
apparatus 100, a gas supply source 136 that supplies C4F8 is connected 
to the first branch pipe 126 via the switching valve 132 and the 
flow-regulating valve 134. Thus, the mixed gas containing C4F8, N2 and 
Ar is utilized as the processing gas in the embodiment. 
[0030] 

Next, the structure of the wafer W to undergo the etching process 
through the etching method in the embodiment is explained. 
[0031] 

At the wafer W used in the embodiment, an SiN film to function 
as an etching stopper for stopping the etching process at a specific depth 
and also as a protective film that protects the wiring formed on an .Si 
substrate is formed on the Si (silicon) substrate. This is a structural 
feature which differentiates the second embodiment from the first 
embodiment. In addition, at the top of the SiN film, an organic 
polysiloxane film is formed. In other words, the etching target film in the 
embodiment is constituted of the organic polysiloxane film at the upper 
layer and the SiN film at the lower layer. 
[0032] 

An etching mask having a specific pattern is formed on the 
etching target film. This etching mask may be a mask constituted of, for 
instance, a photoresist film layer, as in the first embodiment. 
[0033] 

Now, the etching process implemented to form contact holes at 
the wafer W through the etching method in the embodiment is 
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explained. 
[0034] 

First, the wafer W is placed on the lower electrode 106, the 
temperature of which has been adjusted to a specific level in advance, 
and the temperature of the wafer W is sustained within a range of 
approximately -20°C ~ 50°C in correspondence to the particulars of the 
processing. For instance, the temperature at the bottoms of the contact 
holes is sustained at approximately -20°C, the temperature at the 
openings is sustained at approximately 30°C and the temperature at the 
sidewalls is sustained at approximately 50°C. In addition, vacuum 
drawing is implemented inside the processing chamber 104 to ensure 
that the atmosphere inside the processing chamber 104 achieves a 
specific pressure suitable for the processing, e.g., approximately 
20mTorr (2.67 Pa ), as in the first embodiment. 
[0035] 

Next, the processing gas in the embodiment, i.e., the processing 
gas achieved by mixing C4F8, N2 and Ar, is induced into the processing 
chamber 104 by adjusting the flow rates of the individual gases through 
the flow- regulating valves 134, 140 and 146 inserted at the gas supply 
pipe 124. During this process, the gas flow rates are adjusted so as to 
achieve a flow rate ratio within a range of 10 < (N2 flow rate / C4F8 
flow rate) in the processing gas. For instance, the flow rates of N2, C4F8 
and Ar may be adjusted at approximately 200sccm, 12sccm and 
300sccm respectively. 
[0036] 

Then, high-frequency power having a frequency of 13.56 MHz 
and achieving a power level of approximately 1200 W, for instance, is 
applied to the lower electrode 106. In addition, high-frequency power 
having a frequency of approximately 60 MHz and achieving a power level 
of approximately 1500 W, for instance, is applied to the upper electrode 
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122. As a result, high-density plasma is generated inside the processing 
chamber 104, and this plasma forms contact holes achieving a specific 
shape at the etching target film formed at the wafer W, as in the first 
embodiment. 
[0037] 

When the lower layer of the etching target film is constituted of an 
SiN film as in this embodiment, a better selection ratio is achieved by 
using the mixed gas containing C4F8, N2 and Ar rather than by using a 
mixed gas containing CF4, N2 and Ar. 
[0038] 

In addition, while if (N2 flow rate / C4F8 flow rate) is less than 10, 
an etching stop occurs and, therefore, deep etching cannot be achieved, 
the flow rate ratio of C4F8 and N2 in the processing gas is essentially set 
within a range of 10 < (N2 flow rate / C4F8 flow rate) in the embodiment, 
to prevent such an etching stop from occurring. 
[0039] 

(Implementation Examples) 

Next, examples of implementation of the etching method 
according to the present invention are explained in reference to FIG. 2 
and FIG. 3. It is to be noted that in the implementation examples, 
contact holes are formed at the etching target film at the wafer W by 
employing the etching apparatus 100 explained in reference to the 
embodiments, and therefore, the same reference numbers are assigned 
to components having roughly identical functions and structural 
features to those in the etching apparatus 100 and the wafer W 
explained earlier, to preclude the necessity for repeated explanation 
thereof. In addition, the etching process conditions are set roughly the 
same as those in the embodiments. It is to be noted that organic 
polysiloxane constituting the upper layer of the etching target film 
achieves the following structure. 
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[0040] (chemical formula 2) 




[0041] 

(A) Implementation examples 1 (changes in the flow rate ratio 
of CF 4 and N 2 ) 

In these implementation examples, the processing gas is 
constituted of a mixed gas containing CF4, N2 and Ar and the flow rate 
ratio of CF4 and N2 is varied. 

In implementation examples 1(a) ~ 1(c), an etching process is 
implemented by adjusting the flow rate ratio of CF4, N2 and Ar, 
respectively at (a) 50:200:300, (b) 50:100:300 and (c) 50:50:300, to form 
contact holes at the layer insulating film of the wafer W. The results 
achieved in the individual implementation examples are presented in 
FIG. 2. FIG. 2(A) shows the state at the central area of the wafer W 
achieved in implementation example 1(a), FIG. 2 (B) shows the state at 
the edge of the wafer W achieved in implementation example 1(a), FIG. 
2(C) shows the state at the central area of the wafer W achieved in 
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implementation example 2(a), FIG. 3(B) shows the state at the edge of the 
wafer W achieved in implementation example 2(a), FIG. 3(C) shows the 
state at the central area of the wafer W achieved in implementation 
example 2(b) and FIG. 3(D) shows the state at the edge of the wafer W 
achieved in implementation example 2(b). 
[0045] 

As shown in FIG. 3, at the flow rate (a) C 4 F 8 : N 2 = 12:200, a high 
selection ratio and a good etching shape are achieved, whereas at the 
flow rate ratio (b) C4F8: N2 = 12: 100, the selection ratio is lower than that 
achieved at (a) and also an etching stop occurs. 
[0046] 

Thus, among these implementation examples, the flow rate 
ratio (a) C4F8: N2 = 12:200 achieves the most desirable results, and by 
comparing the results at (a) and (b), it can be judged that a higher 
selection and a good etching shape are achieved when the flow rate ratio 
is set essentially within a range of 10 < (N2 flow rate / C4F8 flow rate). 
[0047] 

While the invention has been particularly shown and described 
with respect to preferred embodiments of the etching method according 
to the present invention by referring to the attached drawings, the 
present invention is not limited to these examples and it will be 
understood by those skilled in the art that various changes in form and 
detail may be made therein without departing from the spirit, scope and 
teaching of the invention. 
[0048] 

For instance, while an explanation is given above in reference to 
the embodiments and the implementation examples in which a 
processing gas achieved by mixing N2, C4F8 and Ar or a processing gas 
achieved by mixing N2, CF4 and Ar is utilized, the present invention is 
not restricted by these particulars. For instance, the present invention 
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may be implemented effectively even when Ar is not contained in the 
processing gas or when an inert gas other than Ar is added into the 
processing gas. In other words, the present invention may be adopted 
successfully as long as the processing gas contains at least N2 and C4F8 
or at least N2 and CF4. 
[0049] 

In addition, while an explanation is given above in reference to 
the embodiments and the implementation examples in which a 
parallel-plane type etching apparatus is employed, the present invention 
is not limited by these structural particulars. The present invention may 
be adopted in any of various types of plasma etching apparatuses 
including an etching apparatus in which a magnetic field is formed 
inside the processing chamber, an inductively coupled etching 
apparatus provided with an electrostatic shield and a microwave type 
etching apparatus. 
[0050] 

Furthermore, while an explanation is given above in reference to 
the embodiments and the implementation examples in which contact 
holes are formed at the layer insulating film formed at the wafer, the 
present invention is not restricted by these particulars, and it may be 
adopted to implement any type of etching process on a layer insulating 
film formed at a workpiece. 
[0051] 

(Effect of the invention) 

As explained above, according to the present invention, 
improvements in the selection ratio and the etching shape are achieved. 
(Brief Description of the Drawings) 

(Fig. 1) FIG. 1 is a sectional view schematically illustrating an etching 
apparatus which may adopt the present invention. 

(Fig. 2) FIG. 2 schematically illustrates implementation examples 1 of 
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implementation example 1(b), FIG. 2(D) shows the state at the edge of 
the wafer W achieved in implementation example 1(b), FIG. 2(E) shows 
the state at the central area of the wafer W achieved in implementation 
example 1 (c) and FIG. 1 (F) shows the state at the edge of the wafer W 
achieved in implementation example 1 (c) . 
[0042] 

As shown in FIG. 2, a bowing X occurs at (a) CF4: N2 = 50:200, 
and therefore, the etching shape is poor. A high selection ratio and a 
good etching shape are achieved at (b) CF4: N2 = 50:100. At (c) CF4: N2 = 
50:50, the selection ratio is lower than that achieved at (b) and also, an 
etching stop occurs. 
[0043] 

Thus, among these implementation examples, the flow rate ratio 
(b) CF4: N2 = 50:100 = 1:2 achieves the most desirable results, and by 
comparing the results at (a) ~ (c), it can be judged that a higher 
resist-relative selection ratio and a good etching shape are achieved 
when the flow rate ratio is set essentially within a range of 1 < (N2 flow 
rate / CF4 flow rate) < 4. 
[0044] 

(B) Implementation examples 2 (changes in the flow rate ratio 
of C 4 F 8 and N 2 ) 

In this implementation example, the processing gas is 
constituted of a mixed gas containing C4F8, N2 and Ar and the flow rate 
ratio of C4F 8 and N2 is varied. 

In implementation examples 2(a) ~ 2(b), an etching process is 
implemented by adjusting the flow rate ratio of C4F8, N2 and Ar, 
respectively at (a) 12:200:300 and (b) 12:100:300 to form contact holes 
at the layer insulating film of the wafer W. The results achieved in the 
individual implementation examples are presented in FIG. 3. FIG. 3(A) 
shows the state at the central area of the wafer W achieved in 
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the present invention. 

(Fig. 3) FIG. 3 schematically illustrates implementation examples 2 of 
the present invention. 
(Explanation of Reference Numerals) 
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(Title of Document) Abstract of Disclosure 
(Abstract) 

(Problems to be solved) 

To provide an improved etching method through which an improvement 
in the selection ratio and an improvement in the etching shape can be 
achieved. 

(Means for Solving the Problems) 

In an etching method for etching an etching target film formed on 
a substrate placed inside an airtight processing chamber 104 by 
inducing a processing gas into the processing chamber 104, the 
processing gas contains CF4, N2 and Ar and the etching target film is 
constituted of an upper organic polysiloxane film and a lower inorganic 
Si02 film. The flow rate ratio of CF4 and N2 in the processing gas is 
essentially set within a range of 1 < (N2 flow rate / CF4 flow rate) < 4. If 
(N2 flow rate / CF4 flow rate) is less than 1 , an etching stop occurs and, 
as a result, deep etching is not achieved. If, on the other hand, (N2 flow 
rate / CF4 flow rate) is larger than 4, bowing tends to occur and, thus, a 
good etching shape is not achieved. Accordingly, the flow rate ratio of 
CF4 and N2 in the processing gas should be set essentially within a range 
of 1 < (N2 flow rate / CF4 flow rate) < 4, to ensure that improvements in 
both the selection ratio and the etching shape are achieved. 
(Chosen drawing) Fig. 2 
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